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Consider the second-order nonlinear differential equation 
yn + #f(y) = 0. (1) 
We shall restrict attention to solutions of (1) which exist on some ray [T, , cc), 
where T, depends on the particular solution y. A nontrivial solution of (1) 
is said to be nonoscillatory if for every t > 0 the number of its zeros in 
[t, co) is finite, and it is said to be oscillatory otherwise. As a special case of 
(1) we have 
y” + Cz(t)yZ”+l = 0. (2) 
In case a(t) is eventually positive, the results on oscillations are numerous, 
the principle ones being due to Atkinson [l], Kartsatos [4], Waltman [6], and 
Wong [7], and also the references of [7] cited there for others. However, 
much less is known when p(t) is allowed to be negative for arbitrarily large 
values of t. Recently, Bobisud [2] p roved the theorems for (1) without the 
restriction a > 0. 
In this present paper we shall prove the very remarkable result that in 
Bobisud’s theorem [2, Theorem I], it does not happen that “y(t) tends 
monotonically to zero as t -+ co”; that is, the proof of Theorem 2-3 in [2] is 
quite trivial. 
THEOREM. Let f  be continuous and continuously differentiable on 
(- 00, 0) u (0, co) with uf(u) > 0, f’ > 0 there; let f  also satisfy 
--co du 
I- --m f(u) < coy 
for every x > 0. 
Assume that a(t) is locally integrable and that, for each su$kiently large x > 0, 
i 
t 
0 < lim 
t-m e 
a(s) ds < +a~. (3) 
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Finally, assume 
 ^rJ 
J 
sa(s) ds = -+ co. (4) 
z 
Then eziery solution of (1) is oscillatory. 
As a first step towards the proof of the Theorem, we mention the following 
important lemma due to Erbe in [3]. 
LEMMA. Let y(t) be a nonoscillatory solution of (1) on [T, T co) and let 
condition (3) hold. Then for all large t we have y(t)y’(t) > 0. 
Proof of Lemma. Without loss of generality, we assume that y(t) > 0 for 
t > TI, TI > T. If  the lemma is not true, then either y’(t) < 0 for all 
large t or y’(t) oscillates. In the former case we may suppose that TI is 
sufficiently large that 
1’ 
t 
a(s) ds >, 0 for t ;: TI 
Tl 
and y’(t) < 0 for t > TI . Hence, we have 
J‘Ll 4s)f (y(s)) ds = f(N) I:1 4s) ds 
Now integrating (1) we have 
y’(t) - Y’(TJ + j’ aWf MN ds = 09 Tl 
so that y’(t) < y’(T,) < 0, t > TI , which contradicts the fact that y(t) is 
nonoscillatory. 
I f  y’(t) oscillates, let T, -+ + a3 be such that y’(T,) = 0. For t > TI we 
define 
et) = -Y’W/f(YW (6) 
and differentiating, we have 
v’(t) = a(t) + w(t), (7) 
where 
44 = W>)“f’(r(tN 2 0, t > TI. 
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Since v(T,J = 0 we integrate (7) between T, and T,,,, and sum on n to get 
an immediate contradiction to (3). 
Proof of Theorem. Assume the existence of a nonoscillatory solution y(t), 
and assume that y > 0, for some p > 0, on [p, co); a similar argument 
treats the case y < 0. Thus from (l), we obtain 
tr”/f (Y) = -ta(t)* 
By integration from p to t and integration by parts, we obtain 
tr’(t> -= t r’(t) 
f(r(t)) - s 9 f  (r(t)) & - s 
t f  ‘(r(t))(r’(t))” & + PYYP) t qt) dt 
P (f (r(t)>” fo)-. * I 
Since f ‘(y(t)) >, 0, we obtain 
tr’(t) < V(t) 1 ds _ t 
fo)‘ s &,) f (s) s 2, w ds + g#) * (8) 
The first integral in the right-hand side is bounded above by the hypothesis (4). 
Thus (8) implies that 
tr’(t)/f (r(t)) -+ - 007 as t--+co. (9) 
On the other hand, from the Lemma, we havey(t)y’(t) > 0 for sufficiently 
large t. Thus we have y’(t) > 0 and f  (y(t)) > 0, since y(t) > 0. This fact is a 
contradiction to (9). 
Remarks. The author [5] proved Bobisud’s theorem without assumption 
(3). The above Theorem shows that if we add (3), then every solution of (1) 
is oscillatory. 
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